The milk thistle is a highly valuable medicinal plant, widely used in treatment of liver diseases. Soil-climate conditions of the steppe zone of Ukraine are favourable for crop cultivation. The goal of the study was to determine relations between milk thistle productivity and elements of cultivation technology, viz., primary tillage depth (14-16 and 20-22 cm), inter-row spacing (30, 45, 60 cm), timing of sowing (3rd decade of March, middle of April, 3rd decade of April) and mineral fertilizer application doses (no fertilizers, N 45 P 45 , N 90 P 90 ). Field trials were carried out during the period from 2010 to 2012 on the irrigated lands of the Institute of Rice of the National Academy of Agrarian Sciences of Ukraine by using the split plot design method in four replications. The climate of the territory of the trials is typical for the steppe zone. The soil type was dark-chestnut residual solonetz middle-loamy soil. We used the Yuhoslava variety of milk thistle in the trials. Cultivation technology was standard, excluding the studied factors. The results of the trials showed significant impact of all the studied cultivation technology elements on milk thistle seed and oil yields. The maximum average seed (1.66 t/ha) and oil (489 kg/ha) yields were obtained under the primary tillage at the depth of 20-22 cm, inter-row spacing of 60 cm, sowing in the 3rd decade of March, applying mineral fertilizers in a dose of N 90 P 90 . The highest input in seed and oil yields rise was made by the mineral fertilizers, which increased milk thistle productivity by 1.57 times comparatively with non-fertilized treatments. We also established a strong direct interrelationship between seed and oil yield: coefficient of determination was 0.96. Results of the current study are slightly limited, so further investigations in the field of milk thistle cultivation technology development and improvement are required to provide Ukrainian farmers with scientifically grounded agrotechnology of this valuable medicinal plant.
Introduction
Medicinal plants have been widely used by humanity for treatment of various diseases since ancient times. The development of modern chemistry has moved them to the background, but no chemical drugs can replace the natural mild treatment provided by the medicinal plantbased drugs. Nowadays, interest in medicinal plants is growing. Questions dedicated to production of high-quality plant raw materials are of great relevance. At the moment, China and India are the leading countries in production of the medicinal plants, and the main consumers are Japan and the Republic of Korea. Germany is considered to be an important European center of trading and usage of medicinal plants (Lange, 2002) . Ukraine has favourable soil-climate conditions for successful production of major medicinal plants, especially, on the South. Domestic cultivation of medicinal and aromatic plants provides great opportunities for export of the raw materials to developed countries of Europea and Asia and for native production of perfumes and plant-based drugs.
Among the medicinal plants a special place is occupied by the milk thistle (Silynum marianum L. Gaertn.). The milk thistle is a member of the Asteraceae family. It is considered that it originated in the Mediterranean Basin. The milk thistle grows as a wild weed in many European countries, North Africa, Southern and Northern America, Central and Western Asia, Southern Australia (Chiavari et al., 1991; Morazzoni & Bombardelli, 1995; Carrier et al., 2002) . In Pakistan and Iran it is well-known as a troublesome weed in wheat crops (Khan et al., 2009; Shamsi, 2009) . But on the other hand, the milk thistle is a highly valuable medicinal plant, well-known among health-care specialists from ancient times (Barnes et al., 2003; Ross, 2008) . It is used in treatment of different liver and biliary diseases, mainly, because of the silymarin content in seeds (Flora et al., 1998; Siegel & Stebbing, 2013; Saki et al., 2015) . Some studies report the high efficiency of treatment with milk thistle medicine even in case of chronic liver diseases (Seeff et al., 2001) . It is proved that it can prevent liver cancer (Tamayo & Diamond, 2007) and has a lot of other advantages over many conventional drugs (Post-White et al., 2007) . Scientific studies of the use of milk thistle use in medicine are still being carried out (Albassam et al., 2017) , particularly, in the field of appropriation of the different crop cultivars for preparing drugs (Lucini et al., 2016) . To supply medicine with high-quality raw material, cultivation technologies of the medicinal plants should be carefully studied. And milk thistle is no exception. Lack of scientifically grounded information on the cultivation technologies of medicinal plants is one of the main obstacles in their production (Smatana & Macák, 2011) . There are only a few reports about peculiarities of the crop cultivation under different conditions, for example, of salt stress (Ghavami & Ramin, 2007) . The above-mentioned fact defines the relevance of our study.
Materials and methods
The goal of the study was to determine the influence of the cultivation technology elements on seed productivity and oil yield of the milk thistle crops grown on irrigated lands in the South of Ukraine. The studied factors were: A -primary tillage (treatment 1: shallow tillage at the depth of 14-16 cm; treatment 2: moldboard plowing at the depth of 20-22 cm); B -inter-row spacing (treatment 1 : 30 cm, treatment 2 : 45 cm, treatment 3 : 60 cm); C -timing of sowing (treatment 1 : 3rd decade of March, treatment 2 : middle of April, treatment 3 : 3rd decade of April); D -mineral fertilizer application doses (treatment 1 : no fertilizers applied, treatment 2 : N 45 P 45 , treatment 3 : N 90 P 90 ). The field trials were held during the period from 2010 to 2012 at the experimental fields of the Institute of Rice of the National Academy of Agrarian Sciences of Ukraine (latitude 46°08'34" N, longitude 32°57'15" E, altitude 8 m). The split plot design method of the trials in four replications was used. The sown area of the 4th rank was 70 m 2 , and yield registration area was 55 m 2 . The climate of the zone is moderately continental, and is characterized as dry and warm. Climate conditions form under the influence of the Black Sea. Weather conditions during the period of the trials were unstable and contrasting. Meteorological indices and long-term mean values were obtained from the Kherson Regional Hydro-meteorological Center. As a matter of fact, 2010 was hot and well-supplied with precipitation, 2011 was moderately warm and comparatively dry, while 2012 was the hottest year (Tables 1, 2). Ground water and irrigation water were analyzed in the certified laboratory of the Kherson Office of the Institute of Land Management of the National Academy of Agrarian Sciences of Ukraine using the standard methods. Calcium and magnesium concentrations were determined by Ethylenediaminetetraacetic acid titration. Sodium concentration was determined on a flame photometer. Chloride concentration was determined by silver nitrate titration. Carbonate and hydro-carbonate concentrations were determined by hydrochloric acid titration. Sulphate concentration was determined by barium chloride titration. Irrigation water used in the trials had a favourable chemical composition and was suitable for irrigation without limitation (Table 3) . Ground water lay at the depth of 5 m and was not involved in the water supply of the cultivated crop. All the analyses were carried out within agrochemical inspections of the fields and water of the Institute of Rice of the National Academy of Agrarian Sciences of Ukraine. Soil in the trials was represented by the dark-chestnut residual solonetz middle-loamy soil. Power of hydrogen of the soil in the upper layer fluctuated between 7.0-7.5 units. Humus content (determined by the method of Tiurin) in the upper arable layer (0-30 cm) was 2.25%. Phosphorus (determined by the method of Machygin) and nitrogen content (determined by the method of Tiurin and Kononova) was low, and potassium content (determined by the method of Machygin at the flame photometer) was quite high in the arable soil layer of 0-30 cm (Table 4) . The cultivation technology used in the trials was standard for milk thistle growing under irrigated conditions. We cultivated the milk thistle variety Yuhoslava, which has been included on the State Register of Plant Varieties of Ukraine since 2006. The previous crop was winter wheat. After harvesting of the winter wheat, harrowing at the depth of 8-10 cm was conducted. Then mineral fertilizers were applied in accordance with the trials' design doses, and primary tillage was conducted. Field planning and leveling were carried out before frosts in the pre-winter period. Early spring started with dragging at the depth of 4-6 cm. The crop was sown after pre-sowing cultivation in three terms with accordance to the trials' design by the means of SN-16 drill. Aftersowing, rolling was carried out to obtain good push-outs. Pre-sprouting dragging was conducted to clear the fields from weeds. The plots were dragged again at the stage of two leaves of the crop. Inter-row cultivations until the milk thistle leaves had closed up were conducted by means of inter-row cultivator. We maintained the soil moisture in the 0.5-0.7 m layer at the level of 75-80% of the field water-holding capacity by means of a frontal sprinkler irrigation machine. Total volume of the irrigation water applied was 1100 m /ha in average for the studied period). Seed yields was estimated by the means of "Sampo" self-propelled combine harvester, and then recalculated for the standard seed moisture (12%) and 100% of seeds purity. Harvesting of the crop was carried out in the period from the 1st to 2nd decades of September. The oil content in the seeds was determined by using the Klevenger apparatus in the certified laboratory. The yield data was processed by using the multiple analyses of variance (ANOVA) and simple paired correlation analyses within AgroStat MS Excel add-on and LibreOffice Calc 5 software applications. The least significant difference (LSD) between the studied variants was calculated for level of reliability of 95% (P < 0.05).
Results
The results of the study proved that milk thistle productivity significantly depends on the cultivation technology treatments (Table 5) . Considerable increase in seed yields was achieved by: increasing the primary tillage depth to 20-22 cm (from 1.12 to 1.17 t/ha on average); increasing inter-row spacing to 45 and, especially, 60 cm (from 1.09 to 1.15 and 1.21 t/ha on average, respectively); the earliest sowing period in the 3rd decade of March, comparatively to delayed sowing (from 0.92 to 1.33 t/ha in average); mineral fertilizers' application at a dose of N90P90, comparatively with lower nutritive background (from 0.88 to 1.18 and 1.38 t/ha in average).
Table 5
Seed yields of milk thistle in the trials depending on primary tillage depth, inter-row spacing, timing of sowing and mineral fertilizers' application doses at the irrigated lands of the Steppe Zone (t/ha, all the studies were conducted in four replications) We consider, that moldboard plowing at the depth of 20-22 cm creates more favorable conditions for good development of the root system of the crop. At the same time, wider inter-row spacing provides better facilities for growth and development of the overground vegetative mass of milk thistle plants, which can be explained by better nutritive, air and light regimes in the crops, owing to lower density of plants per unit area. Delayed sowing subjects the crops to unfavourable weather conditions for vegetation, thus it leads to productivity decrease. And the more mineral fertilizers we used, the higher the seeds yields were, because of considerable improvement of the crops nutrition. The maximum input in seed yields was made by the mineral fertilizers at a dose of N 90 P 90 : seed yields increased by 1.57 times comparatively to non-fertilized treatment. The results of the study established an opportunity of considerably raising the milk thistle seed yields through use of rational cultivation technology, for example, in our case up to 1.05 t/ha (from 0.61 to 1.66 t/ha). Results of ANOVA milk thistle seed yields data processing are represented in Table 7 .
Table 6
Average seed yields of milk thistle in the trials depending on primary tillage depth, inter-row spacing, timing of sowing and mineral fertilizers' application doses at the irrigated lands of the Steppe Zone (t/ha) Notes. For the average milk thistle seed yields LSD at P < 0.05 for the major effects of the studied factors (t/ha): А = 0.034; В = 0.008; C = 0.005; D = 0.007. LSD at P < 0.05 for the partial effects of the studied factors (t/ha): А = 0.177; В = 0.033; C = 0.023; D = 0.030. All the studied factors had significant influence on the milk thistle seeds yield.
The above-mentioned statements are true for the milk thistle oil yields too (Table 7) . The highest oil yield of 489 kg/ha on average was obtained under the moldboard plowing at the depth of 20-22 cm, interrow spacing 60 cm, sowing in the 3rd decade of March and applying mineral fertilizers at the dose of N 90 P 90 . Increase of the primary tillage depth raised oil yields up to 4.66%; cultivation under wider inter-row spacing increased oil yields up to 5.11% and 5.47%; delayed sowing resulted in oil yields decrease down to 11.73% and 28.20%. The maximum input in oil yields was provided by the mineral fertilizers that increased the latter up to 37.55% and 20.47%. A strong direct dependence of the milk thistle seed yields and oil yields was determined: correlation coefficient between this features was 0.98, coefficient of determination -0.96.
Discussion
For the first time we established relations between milk thistle productivity and cultivation technology elements, viz., primary tillage depth, inter-row spacing, timing of sowing, mineral fertilizers' application doses, on irrigated lands in the steppe zone. Connecting our results to those of other similar studies, we found a lot of common and also quite different features and points. One of the divergences is that the results of our study prove a considerable difference in milk thistle yields depending on timing of sowing. But some studies do not mention any significant influence of sowing timing on milk thistle productivity (Andrzejewska et al., 2011) . On the other hand, research works of another team of authors proved that a delayed sowing date obviously resulted in a significant reduction in fruit per inflorescence (Rahimi & Kamali, 2012) .The above-mentioned discrepancy between the studies can be referred to difference in soil-climate conditions of the studies.
The common points of almost all the scientific studies is the significant productivity increase of the milk thistle crops, achieved due to use of mineral and organic fertilizers in proper doses and preparative forms, especially, Nitrogen (Wierzbowska et al., 2012) , manures (Haban et al., 2009; Asfar et al., 2014; Haban et al., 2015) and natural stimulants (Saad-Allah et al., 2017) . There is a study proving the high efficiency of foliage fertilizers (Stancheva et al., 2010) .
Table 7
Milk thistle oil yields in the trials depending on primary tillage depth, inter-row spacing, timing of sowing and mineral fertilizers application doses at the irrigated lands of the Steppe Zone (kg/ha, all the studies were conducted in four replications) Application of fertilizers significantly improved roots growth and development, which resulted in higher crop productivity (Angelopoulou et al., 2014) . Some of the studies also report an earlier start of the flowering stage and generally stronger and healthier plants due to treatment with fertilizers (Nasrabadi et al., 2014) . It was also established by some scientists, that milk thistle oil yields are higher under treatments with fertilizers (Asfar et al., 2014) . It was proved, that for obtaining high yields of milk thistle in dry zones with little rainfall, the crop should be cultivated under irrigated conditions (Karkanis et al., 2011; Asfar et al., 2015) . In spite of the fact that the milk thistle needs proper soil moisture for better productivity, the crop can be successfully cultivated under the moderate deficit irrigation (Keshavarz Afshar et al., 2015) . Drought stress can even increase oil quality of milk thistle (Malekzadeh et al., 2011) . We should point out that we were the first to pay particular attention to the reaction of milk thistle on the inter-row spacing and primary tillage depth in irrigated conditions of the steppe zone. But it should be mentioned here, that some scientific studies report contradictory data to our results, that is to say that higher milk thistle seed yields were obtained under the narrow inter-row spacing (25 cm), while we obtained the maximum yields at the widest inter-row spacing treatments (60 cm). It has also been stated, that wider inter-row spacing is considered as worse treatment for seed yields, but not for the oil content in the seeds (Omer et al., 1993) . Concerning the primary tillage depth, our results are in tune with some other studies reporting the maximum milk thistle seed yields were obtained under the plowing at a depth of 25-27 cm, comparative to the shallow tillage on 18-20 cm (Nikolaychenko et al., 2018) . Results of ANOVA data processing of milk thistle oil yields are represented in Table 8 .
Table 8
Average milk thistle oil yields in the trials depending on primary tillage depth, inter-row spacing, timing of sowing and mineral fertilizers application doses at the irrigated lands of the Steppe Zone (kg/ha) Notes. For the average milk thistle oil yields LSD at P < 0.05 for the major effects of the studied factors (kg/ha): А = 9.2; В = 2.3; C = 1.6; D = 2.0. LSD at P < 0.05 for the partial effects of the studied factors (kg/ha): А = 47.8; В = 9.8; C = 6.7; D = 8.5. All the studied factors had significant influence on the milk thistle oil yield.
A strong point of our study, compared with others, is the multi-factorial design of the trials, which allowed us to estimate crop productivity under the influence of interacting cultivation technology elements. Understanding the presence of some limitations in the current study, we are going to continue scientific research in the field of milk thistle cultivation technology. We hope that our study will give a powerful incentive to production of milk thistle, as a highly valuable medicinal plant.
Conclusions
Milk thistle productivity was considerably affected by all the studied cultivation technology elements, which has been proved by the ANOVA results. The highest average seed yield (1.66 t/ha) and oil yield (489 kg/ha) was obtained under moldboard plowing at the depth of 20-22 cm, mineral fertilizer application at a dose of N 90 P 90 , sowing in the third decade of March with inter-row spacing of 60 cm. The maximum input in raising the crop productivity was made by fertilization. We recommend the cultivation of milk thistle by the above-mentioned agrotechnical complex on irrigated lands in the South of Ukraine.
